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ABSTRACT 
A s e r i e s  of investigations were I n i t i a t e d  i n  an e f f o r t   t o  assess the  
e f f ec t  of sonic boom signature modification on human subject ive 
response, uslng Lockheed's  sonic boom simulat ion faci l i ty .  Subject ive 
response w a s  found to  be inf luenced by changes i n  several  s ignature  
parameters, including rise time, interpeak duration, and the addi t ion 
of sho r t  du ra t ion  t r ans i en t s  t o  the  s igna tu re  "bow"  wave. Detailed 
descr ipt ions and t h e  r e s u l t s  of t h i s  s e r i e s  of experiments, completed 
under subcontract B-87017-US with the Stanford Research Insti tute,  
a r e  deBcribed in  the fol lowing report .  
v i  i 
RELATNE ANNOYANCE A.ND LOUDNESS JUDGMEXPS 
OF VARIOUS .S- SONIC BOOM WAVEFORM3 
By: L. J. Shepherd, S c i e n t i s t  
ana 
W. W, Sutherland, Sr. Res. Engineer 
LOC"cALIF0RNIA COMPANY 
Introduction and Background : 
As an a i r c ra f t   t r ave l s   t h rough  the atmosphere at ve loc i t i e s   g rea t e r   t han  
Mach 1, a pressure wave i s  generated which propagates a m  f r o m  t h e  air- 
c r a f t  and upon in t e r sec t ing  wi th  the ground, produces an explosive sen- 
s a t i o n  in the audi tory mechanisms of humans and animals l oca t ed  dong  
the  f l igh t  pa th ,  
The continued operation of a i r c r a f t  at supersonic speeds wLth the con- 
sequent generation of t h i s  sonic boom pnenomena, has sparked controversy 
concerned with the nature of t h e  boom phenomena, p r h r l l y  as related t o  
possible  damage e f f e c t s  t o  humans o r  s t ruc tu res  exposed t o  t h e  s h o r t  
dura t ion  t rans ien ts .  Numerous  damage claims f i led by p r iva t e  c i t i zens  
a l leg ing  personal  in jury  or property damage have led t o  the i n i t i a t i o n  
of a series of research programs conducted by both t h e  government and 
private industry concerned with detailed examination of t he  phenomena, 
Since 1950, at l e a s t  21 s tud ie s  have been sponsored by the  W, FAA, 
and USAF deal ing with the subjective responses of humans, and the e f f e c t s  
of sonic booms on s t ruc tures  loca ted  benea th  the  supersonic  f l igh t  path. 
These inves t iga t ions  have formed the core of an in tens ive  research  e f for t  
and have served t o  illuminate the problem by p r o v i d b g  a broad understand- 
ing of the generation and propagation of the sonic boom pressure wave, 
while providing useful knowledge concerning structural  and community 
response. 
The first investigations concerned wfth the  spec i f i ca t ion  of human response 
were implemented wi th  ex tens ive  f l igh t  tes t  programs and yielded a l a r g e  
amount of useful data, Attempts t o  a c c u r a t e l y  define the nature  of the 
pressure stimulus a f f e c t i n g  l a r g e  numbers of ind iv idua ls  was soon iden t i -  
f i e d  as  an important problem area. The problems of v a r i a b i l i t y  i n  f l i g h t  
and atmospheric conditions were compounded by the problem of providing 
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extensive arrays of instrumentation and the all important cost of pro- 
viding enough supersonic flyovers f o r  s t a t i s t i c a l  r e l i a b i l i t y .  A c t i v e  
confrontation with these problems lead t o  attempts to   s imu la t e   t he  
boom phenomenon i n  the  cont ro l led  environment of the laboratory,  
In  order to inplement tests of subject ive react ions under  laboratory 
conditions it is necessary  to  rep l ica te  as c lose ly  as possible  the 
spec i f ic  sonic  boom pressure signatures.  Zeppler and Hare1 (l965), 
enclosed only the ear i n  a headset-earmuff configuration and drove 
the reproducers KLth appropr i a t e  e l ec t r i ca l  waveforms. m e r  and 
Pearsons (1$5), e x p e h e n t e d  with a 100 f t 3  chamber rLth  la rge  loud-  
speakers mounted i n  the  w a l l s  a c t ing  as pressure reproducers, and of 
the different  techniques tr ied,  the  pressure  chamber concept has 
provided the most accurate  pressure t ime his tory sonic  boom simulation. 
In the  summer of 1965, the Bioacoustics Laboratory at Lockheed 
developed a chamber sh i la r  t o  that described by Xryter and Pearsons, 
b u t  d i f f e r i n g  i n  that the  system u t i l i zed  d i r ec t  cu r ren t  ampl i f i e r s  
and servo system techniques t o  produce the required low frequency 
response, 
Following the  successfu l  Fmplementation of t h i s  f a c i l i t y ,  a series of 
test programs were designed and executed, i n  the i n t e r e s t  of 
es tab l i sh ing  the amel iora t ive  e f fec ts  of modif icat ions in  sonic  boom 
parameters on human subjective response judgments.  These s tud ie s  
were designed with a series of independent variables, including 
signature overpressure, duration, gross waveshape changes,  and rise 
time. The results of these ea r ly  Lockheed s tud ie s  were reported a t  
the  June 1966 meeting of the Acoustical  Society of America. The 
resu l t s  ind ica ted  the exis tence of several  important  re la t ionships  
between changes in the physical parameters of the sonic boom waveform 
and subjec t ive  human response, most no tab le  s igna ture  rise time and 
overpressure were seen as response modifiers, parameters which had 
been thought to be important based on previous  subjec t ive  s tud ies  
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and theoret ical  predict ions.  Several  other  interest ing effects  were 
noted, including an apparent  effect  on subjective loudness appearing 
as a f 'unction of selective modification of t h e  bow wave of t h e  boom 
preasure signature.  In  addition, systematic examination using a 
number of differ ing experimental  methods indicated possible  differ-  
ences t o  exist between loudness and annoyance as subject ive judgment 
c r i t e r i a .  
The  var ious topic  areas l i s t e d  h e r e  were seen as important problem 
i n  the overal l  goal  of human sonic boom response definit ion.  A 
detai led research program was designed jointly by personnel from t h e  
L i f e  Sciences Department of the Lockheed-California Company and the 
Sensory Sciences Research Center at the Stanford Research Insti tute.  
The program was conceived i n  t h e  i n t e r e s t  of examining a series of 
sonic boom e f f e c t s  and re la t ionships  in  depth  u t i l i z ing  personnel  
and f a c i l i t i e s  l o c a t e d  at Lockheed's me Canyon Research Laboratory. 
This program executed by Lockheed under subcontract B-87017-US wLth 
the Stanford Research Insti tute is descr ibed  in  the  fo l lmFng sec t ions  
of th i6  repor t .  
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Description of t h e  Program: 
1) Experimental  Design 
The  research  e f for t  was divided into three m a i n  sec t ions  as shown i n  
Table 1, Each sec t ion  was ccnnposed of a series of subjective com- 
par isons designed to  examine possible  boom parameter-human response 
relat ionships  using a paired comparison  technique. In all tests the  
waveforms t o   b e  compared were presented  to  human subjects  seated 
s ingly  i n  the pressure chamber of the  sonic  boom simulator. Each 
p a i r  of booms vas presented a t  4 second intervals ,  with a durat ion 
of 2 seconds between each boom of t he  pa i r ,  The first boom of the  
p a i r  was designated the standard with the second boom transient  being 
compared r e l a t i v e  t o  t h e  s u b j e c t i v e  judgment of the standard. The 
subject  was requ i r ed  to  state whether the second boom was louder, 
equal to, o r  s o f t e r ,  i n  the tes t s  us ing  loudness  as a c r i t e r ion ,  or 
more, equally, or less annoying i n  the case of the subjects basing 
t h e i r  judgments on annoyance. Perceived stimulus equality was 
determined through a t e c h n i G e   u t i l i z i n g   t h e  method of limits in 
which the experimenter varied the amplitude of the comparison stimu- 
lu s  sys t ema t i ca l ly  in  d i sc ree t  i nc remen t s  of 2.0 dB, Presentat ion 
order  e f fec ts  were compensated fo r   u s ing  AB and BA stimulus present- 
ation order.  A t o t a l  of 67 subjects,  a l l  Lockheed employees s ta t ioned 
at me Canyon Research Laboratory, participated i n  t h e  t h r e e  part t e s t  
seriesr Both male and female subjects participated in the t e s t  s e r i e s .  
Subjects ranged i n  age from 20 t o  57 years with the mean age at 34.2 
years. Tests were  performed with the experimenter recording the 
subjects responses. 
Sample in s t ruc t ion   shee t s  are sham in Appendix 1. The i n i t i a l  
tes t ing  session  with  each  subject  began with a learning period of 
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TABLE 1. 
SERIFS I: 
SERES 11: 
PARAMETERS EXAMINED 
RISE TIME: 1, 3, 10 Mec. 
DURATION: 100, 350, 500 MSec. 
REFERENCE LEVELS: 0.8, 1.6, 2.4  PSF 
SUBJECTIVE CRITERIA:  Loudness,  annoyance 
SIGNATURES USED : Idealized N-Waves 
APPROX.  TESTING HOURS: 180 
SIGNATURES  USED: 1/2 N-Waves a t  standard 
re ference  leve l  of 1.6 FSF with peaks of 2.2 
and 3.3 PSF added t o  bow wave of t e s t  
wavef oms. 
DURATION: 180 met, 
CRTFERION: Loudness 
APPROX.  SUBJECT TESTING HOURS: 10 
SERlES 111: 
SIGNATURES  USED I 1/2 N-Wave "Sawtooth" waves 
with variable interpeak spacing. A & B 
configurations 
TNTEFZWX DWTIONS: 2, 4, 8 ,  16, 32, 64 MSec. 
DURATION: 150 Wec 
REF. LEVEL: 1.6 PSF 
CRITERION : Loudness 
APPROX.  TESTING HOURS : 44 
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appraximately ten minutes during which the experimenter explained the 
ins t ruc t ions  and m o w e d   t h e   s u b j e c t   t o  make a p rac t i ce  test m under 
ac tua l  tes t ing  condi t ions ,  Each individual  subject  w a s  t e s t e d  f o r  
approximately 50 minutes; attempts a t  longer  sessions t r ied during 
pre tes t ing  per iods  had r e s u l t e d  i n  f a t i g u e  and inconsis tent  judgments, 
Within the course of an individual  session,  the chamber was opened 
after every three t e s t  trials (approx, 15  min.) t o  a l low f r e sh  a i r  t o  
c i r c u l a t e  i n  t h e  a i r t i g h t  t e s t i n g  chamber and to  g ive  the  sub jec t  a 
b r i e f  rest period, Each test subject returned for t e s t i n g  at in t e rva l s  
of approximately 4 days, An attempt was made to  main ta in  this 4 day 
interval throughout the tes t  series in the i n t e r e s t  of cont ro l l ing  
f o r  any  poss ib l e  in t e r t r i a l  l ea rn ing  ( ex t inc t ion )  e f f ec t s .  
The complete t e s t  program is  shown in  Tables  2 and 3, The Ser ies  I 
tests comprised the  major i ty  of the t o t a l  program effor t ,  involving 
approximately 180 subject testing hours,  The tests i,n Ser ies  I were 
designed to  a t t empt  to  spec i fy  the  r e l a t ionsh ips  between sonic boom 
signature duration, rise time and human subjective response, a t  three 
d i f fe ren t  s tandard  in tens i ty  leve ls ,  Standard  i n t e n s i t y  l e v e l s  were 
0.8, 1,6, and 2-4 PSF, with the  re ference  s igna ture  at each of these 
l eve l s  cons i s t ing  of an N-wave of 350 m s  duration, having a rise time 
of 3 ms. Both AB and BA presentat ion orders  were used i n  t h e  i n t e r e s t  
of correct ing for  possible  s t imulus order  effects ,  The s u b j e c t s  i n  
Ser ies  I were divided into two groups of 20 persons each, Group A 
using loudness as a judgment c r i te r ion ,  and Group B making t h e i r  
judgments using annoyance as a b a s i s  for comparison, Reference t o  
Table 1 w i l l  i n d i c a t e  t h e  d e t a i l s  of each individual waveform 
comparison, A s  indicated previously,  three s tandard reference levels  
were used, with both groups of 20 subjec ts  making 9 waveform com- 
parisons a t  each level , (using AB and EiA o r d e r e )   f o r  a t o t a l  of 54 
Ser ies  I trials fo r  each  tes t  subject,  Idealized N-waves, free 
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frm any simulated atmospheric distortior, were used f o r  all test 
s i g n a t u r e s  i n  this series. 
Ser ies  I1 was t he  sho r t e s t  test  series of t he  program, involving 
approximately 10 s u b j e c t  t e s t h g  hours, This series of  comparison 
trials was designed t o  assess the  modifying e f f e c t s  on subject ive 
loudness of the addition of a short  durat ion peak on the  "bow" part 
of 1/2 N-wave t ransients-  1/2 N-waves were used i n  t h e  i n t e r e s t  of 
eliminating any potent ia l  subject ive "averaging" effects  occurr ing 
with the presence of a complete signature.  The reference signature,  
as shown i n  Table 3, consisted of a 1/2 N-wave, presented a t  1-6  PSF 
with a duration of 180 ms and a rise time of 1 ms, The two test 
s ignatures  consis ted of the basic  reference 1/2 N-wave with short  
duration peaks of 2.2 and 3-3 PSF to ta l  ampl i tude  added t o   t h e  bow 
wave. A s  before, both AB and EA stimulus presentation orders were 
used. 
Ser ies  I11 was an invest igat ion of t he  modifying e f f e c t s  of i n t e r -  
peak spacing of  "sawtooth"  1/2 N-waves on subjective loudness. 
Table 3 ind ica tes  the content of  t h i s  phase,  Approximately 44 
subject testing hours were used to  eva lua te  the  d i f fe rences  between 
the 1-6  PSF 1/2  N-wave of 150 mg duration reference signature and 
the type 1 and 2 "sawtooth" waveforms having different interpeak 
durations,  S i x  interpeak durations,  2, 4, 8,  16, 32 and 64 ms, were 
chosen f o r  examination on t h e  basis of da ta  obta ined  pr ior  to  
beginning the present reported program. For each type "sawtooth" 
wave of a particular interpeak spacing, trials were run using AB 
and EA s t imulus  presenta t ion  order ,  resu l t ing  in  a t o t a l  of 24 sub- 
j ec t ive  comparisons f o r  each of the 20 test subjects-  In both Series  
I1 and 111, t h e   r i s e   t i m e   f i l t e r  network in  the  s imula to r  was 
a d j u s t e d  t o  produce t r ans i en t s  having rise times of 1.m. 
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SERIES I 
S’SIANIrn COMPARISON 
N-WAVEi 1.6 350 
-%- 
N-WAVE 
N-WAVE 
3 N-WAVE 
N-NAVE 
N-WAVE 
3 N-WAVE 
N-WVE 
N-WAVE 
100 
0.8 
0.8 
0.8 
0.8 
0. 8 
0.8 
0.8 
oe8 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1,6 
1.6 
1.6 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
3.3 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
1 
3 
10 
20L, 2oA 
20L, 20A 
20L, 2oA 
20L, 20A 
20L, 2oA 
20L,  20A 
20L, 2oA 
20L,  20A 
20L, 2oA 
20L, 2OA 
20L,  20A 
20L,  20A 
20L, 20A 
20L, 2oA 
20L,  20A 
20L, 20A 
20L, 2oA 
20L, 2oA 
20L, 208 
20L, 20A 
20L, 20A 
20L, 20A 
20L,  20A 
20L,  2oA 
20L, 20A 
20L, 20A 
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1/2N + F'K 2.2 180 1 201 
PK 
1/2N + PK 3.3 180 1 201 
2.2 3.3 
PK PK 
PK 
TYPE F'SF ~ DUR. ROT. TYPE FSF DUR. R.T. SKK SP. N 
a 5 5  1 64 201 
TYPE 
1 
1 
1 
A 2  
1 
2 
2 2 
2 
2 
2 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1 32 
1 16 
1 8 
1 4 
1 2 
1 64 
1 32 
1 16 
1 8 
1 4 
1 2 
201 
201 
201 
201 
201 
201 
201 
201 
201 
201 
201 
The basic  pressure chamber simulation system concept consists of 
recording an appropriate electricaJ.  analog of the  pressure  s igna ture  
on magnetic tape, delivering this s i g n a l   t o   h i g h  power d i rec t  cur ren t  
amplifiers, and driving loudspeakers coupled to an a i r t i g h t  chamber. 
T h i s  system makes poss ib le  a fait= reproduction of a var ie ty  of 
sonic  boom t rans ien ts  wi th in  the  limits of the  0.3 t o  500 cps pass- 
band of t he  system. L i n e a r  operation of the system allows over- 
pressures of 4.5 €SF t o  be achieved with r ise  times of approximately 
10 m~, Rise times of 1 m,6 durat ion may be reproduced a t  more con- 
se rva t ive  l eve l s  (2-3 PSF) and the  sys tem fea tures  c i rcu i t ry  spec ia l -  
i z e d   f o r  the accurate  control  of this parameter through a variable 
range of 1 t o  10 ms. Overpressure level is variable i n  1 dB steps 
over  the  e f fec t ive  l inear  range. A unique noise squelch circuit  is 
employed to  effect ively reduce undesired amplif ier  input  s ignals  
and is control led by an electr ical  command signal recorded on a 
separa te  t rack  of t h e  boom signal  tape,  The pressure chamber was 
70 cubic feet i n  volume, and measured approximately 4 ft. x 3-l/2 ft. 
x 5 ft. in size.  Access to the chamber i n t e r i o r  was obtained through 
a hinged wall arrangement, The chamber i n t e r i o r  was f i t t e d  wfth a 
wall mounted intercom system, a small l i g h t   f o r   i n t e r i o r   i l l u m i n a t i o n  
and a cha i r  fo r  t he  sub jec t ,  The p r e s s u r e  f i e l d  i n  t h e  chamber was 
monitored continuously during testing sessions with a Photocon Model 
464 capaci tor  microphone using a Photocon Model DG 6051, Dynagage 
system with Tektronix Model 564 Storage and b d e l  502 D u a l  Beam 
Oscilloscopes. In addition, a Honeywell Modd 9 6  recording osc i l l o -  
graph m s  available t o  permantently recod system performance at the  
weekly performance ca l ib ra t ion  checks conducted throughout the 
testing phases of the  research  program, The chamber  and control  room 
f a c i l i t y  were loca ted   ad jacent   to   each   o ther   in  an open area beneath 
the m a i n  l abora tory  complex, &8 shorn in Figures 1 and 2. Oscillographic 
recordings of system performance using w p l e  s igna tures  from each test, 
series are shown in Figures  3, 4, 5 and 6. 
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Figure 1. Sonic Boom Simulation Chamber - Note  Hinged Wall Access. 
Figure 2. Sinnilator Control Room Adjacent t o  A i r t i g h t  T e s t  Chamber, 
Subject and Experimenter a t  Testing Stations.  
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Figure 3. Typical  Simulation  System  Performance 
Top: Input Command Signal  
Bottom: Chamber Pressure Time History 
Ser ies  I N-Wave, 500 ms. Duration, 10 ms. Rise 9 
1.6 PSF. - Sweep = 100 ms/cm. ! h e ,  
Figure 4. Typical  Simulation  System  Performance 
Top: Input Command Signal  
Bottom: Chamber Pressure Time History 
Ser ies  I1 1/2 N-Wave, 150 ms. Duration, 1 ms. Ris 
3.3 PSF. (Peak), Sweep = 25 ms/cm. 
,e Time, 
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Figure 5 .  Typical  Simulation  System  Performance 
Top: Input Command Signal  
Bottom: Chamber Pressure T h e  History 
Se r i e s  I11 Type 1 1/2 N-Sawtooth Wave with 16 ms. 
Interpeak Spacing @ 1.6 PSF. - Sweep: 25 ms/cm. 
Figure 6. Typical  Sirrmlation  System  Performance 
Top: Input Command Signal  
Bottom: Chamber Pressure Time History 
Se r i e s  I11 Type 2 1/2 N-Sawtooth Wave with 16 ms. 
Interpeak Spacing @ 1.6 PSF. - Sweep: 25 ms/cm. 
.. . 
Spect ra l  Analysis of Boom Test Signatures:  . .  
A s e r i e s  of spectral  energy analyses  were made us ing  se l ec t ed  t e s t  
waveforms from each  of the  three  tes t  series. These analyses were 
completed i n  t h e  i n t e r e s t  o f  es tab l i sh ing  objec t ive  c r i te r ia  which 
might be compared with the subject ive judgments of t h e  t e s t  s u b j e c t s .  
The analyses provided computer tabulations (not shown i n  t h e  t e s t  
data),  spectral .  energy plots (as shown in  F igu res  13  to  28) ,  a long  
with pressure t ime his tor ies  (not  shown i n  t h e  t e s t  d a t a ) .  Of t h e  
25 d i f f e ren t  waveform s igna tures  used  in  the  tes t  program, 16 were 
used for spectral  analysis ,  a long with several  other  s ignals  used 
f o r  system calibration and no i se  l eve l  checks. 
Several  steps were required in the implementation of the analysis .  
The pressure t h e  his-tories of the various test  signatures as re- 
produced in  the  s imula to r  were recorded on FM magnetic tape using 
an appropriate low frequency microphone  system  (Photocon). The 
microphone was pos i t ioned  in  the  chamber a t  approximately the ear 
l e v e l  of a seated test subject.  The magnetic tape data vas then 
converted from analog Lo d i g i t a l  f o r a  u s i n g  t h e  EA1 hybrid computer 
f a c i l i t y  l o c a t e d  a t  the  Rye Canyon Research Laboratory. The binary 
tape was then  t ranspor ted  to  the  computer f a c i l i t y  at the Stanford 
3esearch Lnsti tute where an exis t ing Fourier  integral  conputer  
program spec ia l ized  for  ana lys i s  of these  t rans ien t  phenomena was 
used t o  implement p lo t t i ng  of the  spec t ra l  energy  charac te r i s t ics  
of each signature. 
The 112 N-wave spectra  shown in  F igure  18 indicat,es a decrease  in  
spectrum energy level dropping a t  a r a t e  of approxFmately 6 dB per  
octave, which agrees relatively closely with mathematical predictions. 
The high peaks and ; ~ u l l s  in  the  curve  fo l low c lose ly  the  es tab l i shed  
frequency  response of t he  t e s t ing  chamber. 500 Hz Low p a s s  f i l t e r s  
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were used i n   t h e   a m p l i f i c a t i o n  syatem driving the chamber ( t o  
e l iminate  the F" t ape  ca r r i e r  signal), consequently the spectral  
content of each of t h e  wave6 analyzed above 500 Hz is mostly analysis 
system noise and should be disregarded. 
Experimental Results and Discussion 
Ser ies  I. 
The r e s u l t s  of the  Ser ies  I tests are shown i n  t a b u l a r  form i n  Table 
4, and graphica l ly  in  F igures  7, 8, 9, and 10. A s  mentioned i n  t h e  
program descr ip t ion  presented  in  a previous section of this report ,  
the  individual  waveform comparisons i n  this s e r i e s  of t e s t s  were 
designed to  iden t i fy  r e l a t ionsh ips  between s ignature  durat ion and 
rise time a t  three different  s tandard overpressure levels ,  using 
loudness and annoyance as judgment c r i t e r i a .  The l e v e l s  shown i n  
Table 4 represent the average change i n  dB r equ i r ed  in  the  t ea t  
comparison s igna tu re  fo r  a judgment of  subject ive equal i ty  using the 
judgments  of 20 tes t  subjec ts  for  the  eva lua t ion .  The standard 
deviat ion provides  an indicat ion of t h e  v a r i a b i l i t y  i n  judgments of 
the subjects  for  each s ignature  comparison. 
The comparisons shown i n  Table 4 and Figure 7 ind ica te  small d i f f e r -  
ences t o  e x i s t  i n  e q u a l i t y  judgments as the  dura t ion  of t h e  t e s t  
s ignature  is  varied.  Variations o f  t yp ica l ly  l e s s  t han  2 dB are  seen 
a t  each of the three overpressure ranges examined. The rise time of 
these test s ignatures  has apparently l i t t l e  durat ion effect ,  as shown 
i n  Table 7. Both loudness and annoyance are seen  to  be  a function of 
rise time a t  any  one par t icu lar  dura t ion .  The variance is  r e l a t i v e l y  
constant for each of the three durat ions a t  any one rise time, which 
supports the finding that d u r a t i o n  h a s  l i t t l e  e f f e c t  on judgments of 
loudness o r  annoyance. Spec t ra l  ana lys i s  ind ica tes  the  grea tes t  
d i f fe rences  in  the  waveforms of 100, 350 and 500 ms. d u r a t i o n  t o  e x i s t  
a t  frequences generally below 10 Hz, wi th  the f’undamental frequency 
seen to  be a M c t i o n  of the  dura t ion  of the s ignature .  With the  ear 
ac t ing  e s sen t i a l ly  as a high pass f i l t e r  network, these large sub- 
audib le  spec t ra l  components a r e  of l i t t l e  a p p a r e n t  a u d i t o r y  s i g n i f i -  
cance and the  po ten t i a l  fo r  sub jec t ive  d i f f e rences  becomes a function 
of the spectrum associated with the bow and t a i l  waves and any summation 
effects  thereof .  
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Interesting differences were noted with var ia t ions in  rise time. 
Figures 8, 9 and 10 ind ica t e  the  results of t h e  anaJ.ysis of these 
test comparisons conducted at 0.8, 1.6 and 2.4 PSF reference levels ,  
respectively.  Subjective loudness or annoyance is seen to  dec rease  
as t h e   r i s e  time is increased, with levels of about 13  dB typ ica l  of 
subjec t ive  d i f fe rences  between s igna tures  havhg rise times of 1 and 
10 nu. Reference to  F igu res  8, 9 and 10 w i l l  i nd ica t e  the  r e l a t ion -  
ship between standard reference level and judgments of t h e   r i s e  time 
loudness or annoyance with differences between identical comparisons 
a t  different  reference levels  being on the  order  of 1 dB. Reference 
l e v e l  would a p p e a r   t o   h a v e   l i t t l e   e f f e c t  on rise time loudness or 
annoyance comparisons, for  the range of the  three  re ference  leve ls  
examined, 
Previous studies conducted by Lockheed-California Company have es- 
t ab l i shed  e s sen t i a l ly  the  same increase r ise  t ime - lower loudness 
re la t ionship  as appears to be evident in th is  s tudy .  Spec t ra l  d i f fe r -  
ences have been offered as possible explanation for t he  de f in i t e  sub- 
j ec t ive  changes i n  loudness and annoyance noted i n  this type of in-  
vestigation. The spectral  analysis performed on Series  I N-waves 
having 1, 3 and 10 ma. r ise  t imes appears  to  support  the subject ive 
data. Figures 14, 15 and 16  show t h e  s p e c t m  c h a r a c t e r i s t i c s  of the  
t e s t  s igna tu res  used here. The range of grea tes t  spec t ra l  d i f fe rence  
for t he  1 ma. r i s e  time N-wave with r e s p e c t  t o  the  3 mg. standard 
reference occurs between approximately 200 and 500 .Hz. The average 
d i f fe rence  is seen t o  be on the order  of 7 dB with maxFmum differences 
of about 12 dB. In the case of t h e  10 ms. r i s e  t ime  N-wave, the range 
of difference extends to  approxlmately 80 Hz with a def ini te  decrease 
i n  energy evident from th is  frequency up t o  c u t o f f  at 500 Hz. In 
summary, the  spectral .  analysis  indicates  the 1 ms. r i s e  time wave t o  
have t h e  most energy between 20 t o  500 Hz; t he  3 ms. wave averages about 
7 dB less from approximately 120 t o  500 Hz; and the 10 ms. rise time wave 
averages  about 16 dB less  for  the  range 120 to 500 Hz. Testing 
indicates  the 1 m8. wave  to  be  loudest  and  most  annoying,  followed 
by  the 3 and 10 ms. rise  time  signatures.  Using  an  audibility 
criterion,  the  spectral  analyses  appear  to  support  the  subjectively 
determined  loudness  and  annoyance  judgments. 
k c h  interest  has  been  generated  with  regard  to  the  topic  of 
instructional  set  as  applied  to  psychoacoustic  experimentation.  In 
the  interest  of  examining  this  potential  parameter,  the  entire  Series 
I test schedule  was run using  both  subjective  loudness  and  annoyance 
as  judgment  criteria.  The  results will be  noted  with  reference  to 
Table 4 and  Figures 7, 8, 9, and 10. Loudness  and  annoyance  criteria 
seem  to  effect  little  difference  for all of  the  comparisons  except 
these  involving  signatures  with 10ms. rise  times. A subjective 
difference  of  about 2 dB is  consistently  noted  in  the  analysis  of 
comparisons  using  this  particular  waveform  parameter.  For  identical 
comparisons,  the  data  indicate  the  annoyance  level  to  be  less  than 
that  subjectively  determined for loudness.  The  standard  deviations 
for  both  comparisons  are  large  when  compared  with  the  remainder  of 
the  investigations,  with  the  variance  in  judgments  using  a  loudness 
criteria  greater  than  that  obtained  using  an  annoyance  basis. .M ny 
of  the  test  subjects  expressed  difficulty  making  judgments  with  the 
10 ms. wave,  hence  the  possibility of learning  variables  operating 
here  seems  plausible.  It would appear  that  for  the  purposes  of 
comparing  waves of varying  rise the, as  accomplished  in  this  experi- 
mental  program,  the  establishment  of an annoyance  criteria  would 
appear  more  valid  than  loudness  as  a  criterion,  in terms of  the 
apparent  variance  in  subjective  evaluation. 
The  results  of  an  analysis  of  variance  performed  on  the  Series I
annoyance  data  are  as  follows: 
1. The  variance  between  rise  time  comparisons = 655.5 (df = 3) 
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2. The var iance within the rise time series (d i f fe ren t  dura t ions)  
= 0.12 (df = 19) 
The experimental  differences in r ise  t h e  comparisons are taken, 
t h e r e f o r e   t o   b e  real and not due t o  chance. 
A n  analysis  of  var iance performed on the  Ser ies  I loudness data 
yielded the fol lowing resul ts :  
1. The variance between r i s e  time  comparisons = 1103.8 (df  = 3)  
3. F isher ' s  F r a t i o  = 6893.7 which indicates  high s ignif icance 
(grea te r  than  0.01 l e v e l  of confidence) 
A s  i n  t he  case  of the data based on annoyance judgments, t hese  r i s e  
t ime differences with the loudness  cr i ter ion are  taken t o  be real, 
and not due t o  chance. 
Ser ies  11. 
The e f f e c t  on loudness judgments of adding a short  duration "spike" 
t r a n s i e n t   t o   t h e  bow  wave of an idealized 1/2 N-wave pressure 
s ignature  w a s  examined i n  t h i s  s h o r t  t e s t  s e r i e s .  Table 5 and 
Figure 11 ind. icate  the resul ts  of t he  tests which involved 20 test 
subjec ts  comparing two different  "spike" waves with a standard 
reference ideal ized 1/2 N-wave. The graph in  F igu re  11 indica tes  
a loudness increase of 4.35 dB when a sp ike  to t a l ing  2.2 FSF is 
added to the  reference 1.6 PSF N-wave, and 7.7 dB increase when 
a sp ike  to ta l ing  3.3 PSF is added. Increasing the amplitude of an 
ideal ized 1/2 N-wave to  tw ice  i t s  or iginal  value results i n   a n  
increase of 6 dB. Thus, t he  3.3 FSF peak wave should have a minimum 
e f fec t  of about 6 dB increase when compared with the 1.6 PSF 
reference, which appears to  be  the  case  here ,  p lus  some ext ra  
loudness  factor  due t o  t h e  a d d i t i o n  of high frequency energy as a 
result of the modification to the decaying portion of the 1/2 N-wave. 
When the spectra  of  these modified waves a r e  compared with unmodified 
1/2 N-waves an increase in  spectral  energy of about 6 dB through the 
range of 30 t o  400 Hz i s  seen i n  the modified spectra, apparently 
due t o  t h e  a d d i t i o n  of the spike.  The addi t ional  loudness  factor  
amounts t o  + 1.7 dB f o r  t h e  3.3 PSF wave and + 1.35 dB f o r   t h e  2.2 
PSF peak wave. 
The standard deviations obtained in this experiment r e f l e c t  an 
apparent  difference in  the s u b j e c t s  a b i l i t y  t o  make comparisons wi th  
different  s t imulus presentat ion orders .  In view  of t h e  t o t a l  time 
involved i n  t h e  experiment (10 subject  tes t ing hours)  it seems 
reasonable t o  a s s i g n  t h i s  f i n d i n g  t o  a learning effect  category.  
Using a T t e s t  f o r  s i g n i f i c a n t  d i f f e r e n c e s  between the means of 
correlated samples, the averaged (AB and BA orders )  resu l t s  from the  
Ser ies  I1 t e s t s  were analyzed with the fol lowing resul ts :  
1. For t he  3.3 PSF peak  vs. standard reference, T = ll.50 (df  = 38) 
2. For the 2.2 PSF peak VS. standard reference, T = 6.40 (df = 38) 
3. In both cases the values exceed that requi red  for  s ign i f icance  
a t  the -001 l e v e l  of  confidence. The d i f fe rences  between 
loudness judgments for  the modif ied waves and the standard are 
accepted as real and due t o  f a c t o r s  o t h e r  t h a n  chance. 
Se r i e s  111. 
The design of this experiment was first suggested as a result of 
investigations conducted by Lockheed during the SST program, Near 
f i e l d  boom signatures resembling a "sawtooth" configuration had been 
predic ted  to  occur  a t  cer ta in  f l igh t  condi t ions  and were seen as a 
topic  for  experimentat ion.  A brief test s e r i e s  w a s  run during the 
summer of 1966 in an  a t tempt  to  ident i fy  poten t ia l  re la t ionships  
between the spacing between the peaks of the "sawteeth" and human 
judgments  of  loudness. The r e s u l t s  of this cursory examination 
indicated a trend tawards a loudness reduction with a reduct ion  in  
peak spacing, but this re la t ionship  w a s  not examined f u r t h e r  u n t i l  
the  present ,  A s  o u t l i n e d  i n  d e t a i l  i n  t h e  program descr ipt ion 
sec t ion  of t h i s  r epor t ,  t he  Se r i e s  I11 t e s t s  compared 1/2 N-waves 
of two basic configurations,  each a t  s i x  different  intdrpeak durat ions,  
with a standard reference 1/2 N-wave 150 ms. i n  d u r a t i o n  and 1.6 PSF 
i n  amplitude. The experimental results a r e  shown i n  Table 6 and 
Figure 12 and ind ica te  the  ex is tence  of a re la t ionship  between i n t e r -  
peak du ra t ions  in  the  Type 1 waveforms and subjective loudness. 
Figure 12 g raph ica l ly  i l l u s t r a t e s  t h i s  r e l a t ionsh ip  and ind ica tes  
t he  results of the t e s t s  u s i n g  t h e  Type 2 signatures.  In  contrast  
to  the decrease in  loudness  apparent  with a decrease in Type 1 peak 
spacing, the Type 2 waves are judged to  be  r e l a t ive ly  equa l  r ega rd le s s  
of interpeak duration. 
An ana lys i s  of variance was performed on the  da t a  and t h e   r e s u l t s  are 
as follows for t he  Type 1 signature comparisons: 
1) For t h e  Type 1 waves, the var iance within interpeak trials = 
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1.18 (df = 19). 
2)  The variance between AB and EA presentat ion orders  = 8.0 
(df = 1). 
3)  The Fisher ' s  F r a t i o  = 6.77 which i s  s ign i f i can t  a t  the  .05 
l e v e l  of confidence. 
The ana lys i s  of variance performed on the  data f o r  t h e  Type 2 signa- 
tures yielded the following: 
1) The variance within interpeak trials = 0.023 (df = 19). 
2)  The variance between AB and BA presentat ion orders  = 0.g6 
(df = 2) .  
3) The F i she r ' s  F r a t i o  = 40.8 which i s  s ign i f i can t  a t  the  .01 
l e v e l  of confidence. 
The da ta  ind ica t e  s t a t i s t i ca l ly  the  ope ra t ion  of presentation order 
e f f ec t s  i n  the  case  of the  Type 2 wave comparisons, The ac tua l  
numerical variance is small however,  and the results should be 
appraised considering this factor .  
There a r e  s e v e r a l  p o s s i b i l i t i e s  which may account f o r   t h e  mechanisms 
operat ing in  the apparent  Type 1 loudness  effect ,  Spectral  differ-  
ences  in  the  waves should provide some bas i s  fo r  ob jec t ive  comparison. 
The spectral  energy analysis  performed indica te  the  waves of me 1 
conf igura t ion  to  have l e s s  energy through the range of 0 - 100 Hz 
than the standard reference signature.  Above 100 Hz, t he  64 mg. 
wave appea r s  t o  have more energy than the balance of t h e   t e s t  wave- 
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forms, ye t  s t i l l  below t h e  l e v e l s  found f o r  the standard "non-sawtooth" 
reference. Hence, the increased loudness  evident  with this  64 ms. 
tes t  wave (about 1.4 dB) is moat l i k e l y  due to  o ther  fac tors ,  such  
as a perceptual summing of the loudness of each of the  three indi- 
vidual  posi t ive pressure excursions character is t ic  of this type 
signature.  The apparent decrease in loudness evident with the re- 
duc t ion  in  peak spacing of the other  5 waveform is probably due i n  
p a r t  t o  this po ten t i a l  summing ( in tegra t ion)  e f fec t  and i n  p a r t  t o  
a decrease in  spectral  energy in  the 100 - 500 Hz range, as indicated 
i n  t h e  energy analysis. Indeed, the  spec t ra  of the  Type 1 wave with 
2 ms. interpeak spacing appears similar t o  a "plain" 1/2 N-wave with 
a rise time of 10 ms., sugges t ing  the  poss ib i l i ty  tha t  c rea t ing  bow 
waves with 2 ms. breaks having pressure increases of 1 ms. or so 
c rea t e s  e s sen t i a l ly  the  same subjec t ive  e f fec t  as might be expected 
wi th  a r i s e  time increase on the  order  of 7 ms. or so i n  a non- 
peaked wave. A s  the interpeak durat ion is  decreased beyond 2 ms. 
the loudness should increase as the  bow wave pressure front approaches 
a smooth ( shor t  rise tlme)  increase.   Technical  l imitations  inherent 
in the simulation system limit the present  capabi l i ty  to  c rea te  waves 
with interpeak spacing less  than 2 ms., hence, the  re la t ionship  ex- 
pressed in the preceeding sentence i s  hypothetical  only.  Evaluation 
of this apparent  loudness  effect  should be appraised in  l ight  of t he  
magnitude of the numerical  difference ( 4  dB 2) obta ined  in  the  tes t s .  
Previous experimentation conducted a t  Lockheed has indicated the 
a b i l i t y  of human s u b j e c t s  t o  d e t e c t  changes i n  impact type transients 
t o  be on the  order  of 1-1/2 dB. Considering this var iab le  in  con- 
junct ion with the actual  overpressure change assoc ia ted  wi th  th i s  
4 dB reduct ion ( in  the case of a 2 ms. spaced wave) leaves one with 
questions as to  the  p rac t i ca l  s ign i f i cance  of this finding. The 
iden t i f i ca t ion  of this relationship does suggest an instance however, 
when changing the shape of the generat ing aircraf t  could very possibly 
affect  percept ion of  the sonic  boom. 
TABLE 4 
S E R I E S   I - E X P E R l 3 E I W L   R F S U L T S  N-WAVE COMPARLSONS 
STANDAW  REFERFNCE  SIGNATURE : N-WAVE, 350 MS DURATION, 3.0 lvls R I S E  TINE 
UVEL CHANGE (a+) RFQUIRED  FOR JUDGED EQUALITY I 
AB Order (STD. lstr BA Order (STD. 2nd) 
JUDGMENT 
W.74 11.20 1.75 -2.75 1-99 + 7.09 1.09 +0.3O 1.30  -4.05 100 ms. Annoyance 
0.74 +ll.ll 1.21 +l.29 1.04 -2.56 2.48 +10.05  0.99 +0.41 1.69 -4.79 100 ms. Loudness 
Level S.D. Level S.D. Level S.D. Level SOD. Level S.D. Level S.D. COMPAR. CRITERION 
10 ms R.T. 3 m s  R.T. 1 m s  R.T. 10 ms R.T. 3 ms R.T. 1 ms R.T. DUR. OF 
+ 8.52 2.33 
Loudness 350 ms. -4.94 
1.07 -4.10 2.19 + 5.80  0.57 -0.81 1.33 -4.88 500 ms. Annoyance 
1-96 +10.44 0.70 - +O.OO 1-42 -3.70 1.91 -t 8.00 0.n -0.78 1.41 -5.09 500 ms. Loudness 
2.05 + 7.35 - - 1.06 -3.40 0.70 + 5.99 0.87 -0.64 1.05  409  350 ms. Annoyance 
1.67  +l0.34 - - 1.61 -3.20  2.30 + 8.21 0.61 -0.69 1.28 
-0.68 IO.@ 
+ 6.82 1.77 
' 
Loudness 100 ms. -4.65 1.20 -0.02 
2.75 + 7.78 +O.48 1.18  1.06 -3.20 2.06 + 7.19 0.61 W.55 1.00 -3.68 ms. Annoyance.100 
2.41 +10.30 1.12 +O.@ 1.30  -3.00 2.11 + 8.95 0.9 
+ 7.92 1.61 + 9.36 - 1 - 1.50 -3.49 2-03 
+ 5.89 
5.29 + 8.93 0.63 -0.35 1.22 ~ -4.04 5.56 + 7.99 
1.60 + 7.65 - 0.82 - -3.78 1.35 
+ 5.43 1.75 + 6.50 0.69 -0.38 0.97 ~ 1-3-20 2.01 
T 
STD. 
LEWL 
0.8 PSF 
1 
T 
STD. 
LFVEL 
1.6 PSF 
1 
TABLE 4 (Cont . ) 
S E R B S  I-EXPERIMENTAL RESULTS N-WAVE COMPARISONS 
STAIDARD  REZERFNCE  SIGJUTURE: N-WAVE, 350 DURATION, 3.0 "3 RISE TIME 
.LFVEL CHANGE (dB+) HEQUIFEE FOR JUDGED EQUALITY 
AB Order (sm. lstr BA Order (STD. 2nd) 
JUDGMENT 1 ms R.T. I 3 ms R.T. I 10 as R.T. 1 1 ms R.T. 13 ms R.T. 110 ms R.T. DUR. OF 
CRITERION Level. S.D. COWAR. 
Loudness 100 ms. 
1.45  -3.87 500 ms. Annoyance 
0.86 -4.54 500 ms. Loudness 
0.60 -3.77 350 ms. Annoyance 
0.71 -4.83 350 ms. Loudness 
1.14 -3.40 100 ms. Annoyance 
1.03 -4.35 
Level 
+0.29 
w.21 
w.17 
-0.13 
-0.15 
-0.2 
S.D. Level S.D. Level, S.D. Level S.D. Level S.D. 
1.03 + 7.75 1.48 -3.37 1.01 a.44 0.72 + 8.29 1.20 
0.67 + 6.10 2.20 -2.56 1.20 +o.ig 0.70 + 7.00 1.60 
0.36 + 7.65 0.77 -4.00 .91 - - + 8.46 0.94 
7- 
STD. 
I;EvEL 
2.4 FSF 
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SERJXI I1 EXPERDENTAL FESULTS (1/2 N-WAVES WITH SHOFE DURATION 
SPIKE3 ON BOW WAVE) 
S'I!ANDAHD REFERENCE  SIGJUTUFE: Idealized  1/2 N-wave 
180 m s  Duration 
1.6 PSF 
COMPARISON 
S IGNATUHE 
3.3 PSF SPIm 
2.2 PSF SPIKE 
1.6 FSF 1/2 N-WAVE 
(Control Comparison) 
LEVEL CHANGE PEQUIREZ 
FOR  SUBJECTIVE EQUALITY 
2LB ORDER BA ORDER 
-8.15 -7.24 dB 
STD.DEV: 1.25 S'IID.DEV: 0.75 
-4.79 dB -3.93 
S?ID.DEV: 1.01 
STD.DEV: 0.69 
STD.DEV: 0.72 
-0.56 dB 
TAELE 6 
SERIES I11 EXPERmNTAL RFSULTS 
''SAWTOOTH" 1/2 N-WAVES WITH DIFFEFXPJT INTERPEAK DURATIONS 
STANDARD FEFIEFENCE SIGNATUFX: 1/2 N-Wave 
150 rns Durat ion 
1.6 PSF 
~ 
I 
w 
I" 
TYPE 1 
Level  Eiequired For S u b j e c t i v e  
E q u a l i t y  (dB) eC Standard  Devia t ion  
Level  
2 
8 
+3*39 4 
+3-9 
+2.86 
16 +2,20 
32 t0.41 
64 -1.9 
S.D. 
1.18 
1.27 
1.05 
1.11 
1.04 
1.27 
Level  Requi red  For  Subjec t ive  
E q u a l i t y  (dB)  & Standard  Devia t ion  
Level  S.D. Level  
+4.56 1.45 
+3.9-1 1.33 
+3.79 2.32 
+1.38 1.64 
+3.49 1.33 
TYPE 2 
-0.85 1.24 
-0.16 
-0.36 
-0- 39 
-3.24 
-0.17 
-0.21 
S.D. 
0.43 
0.59 
0.60 
0.59 
0.77 
0.61 
Level  S.D. 
-0.26 0.75 
-0.10 0.56 
-0.40 0.86 
- +o.oo 
1.03 w.26 
1.05 
1.16 4-0.76 - LB +.-EA- - AB -Wj-EA- 
Test 
Signatur.. Signature Type 2 A T o e  1 
Test 
Orde r  E f fec t  (STD. vs STD) = -0.20 
-2 1 1 I 
w w 
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- 20 
- 40 
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Figure 1 3  Spec t ra l  Energy Charac ter i s t ics  of Idealized 100 ms.Duration N-Wave @ Rise Time = 1 ms. 
as Used in  Se r i e s  I Tests. 
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Figure 14 Spec t r a l  Energy Charac te r i s t i c s  of Ideal ized 350 ms. Duration N-Wave @ Rise Time = 1 ms. 
as Used i n  S e r i e s  I Tests .  
IO 
FREQ IN HZ. 
100 IO 00 
0 
-20 
-40 
DB 
-6 0 
W u 
-80 
IO 
FREQ. IN HZ. 
100 1000 
Figure 1 5  Spectral  Energy Charac te r i s t ics  of Ideal ized 350 ms. Duration N-Wave @ Rise Time = 3 m. 
as Used i n  Ser ies  I Tests. 
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Figure16  Spec t r a l  Energy Charac te r i s t i c s  of Idea l ized  350 ms. Duration N-Wave @ Rise T h e  = 10 m, 
as Used i n  S e r i e s  I Tests.  
O1 \ I 1 
- 
-20 - 
- 
-40 - 
DB 
- -60 
- 
- 
-80 - 
- 
-7 
I 
-1001 IO 
100 1000 
FREQ. IN HZ 
J 
0 
-20 
-40 
D 6. 
-60 
-8 0 
c 
I 1 1 "  ' 11' 
I I -1001 I 
I O  100 1000 
FREQ. IN HZ. 
Figure 18 Spectral  Energy Character is t ics  of Idealized 150 m. Duration 1/2 N-Wave @I Rise Time = 
1 m. as Used i n  Se r i e s  111 Tests. 
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Figure 19 Spect ra l  Energy Charac te r i s t ics  of Ideal ized 150 ms. 112 N-"Sawtooth" Wave @ Rise Time 
of 1 m. With Interpeak Duration of 2 ms. as Used in  the  Se r i e s  I11 Tests. (Type 1) 
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Figure 20 Spec t r a l  Energy C h a r a c t e r i s t i c s  of Idea l ized  150 ms. 112 N-"Sawtooth" Wave @ Rise  Time 
of 1 m. With Interpeak Duration of 4 ms. as Used i n  S e r i e s  111 Tests. ( m e  1) 
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Figure 21 S p e c t r a l  E n e r a  C h a r a c t e r i s t i c s  of Idealized 150 ms. 112 N-"Sawtooth" Wave @ Rise Time 
of 1 IUS. With Interpeak Duration o f  8 ms. as Used i n  Ser ies  111 Tests. (Type 1) 
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Figure 22 Spectral  Energy Character is t ics  of Idealized 150 rns. Duration 112 N-"Sawtooth" Wave @ 
Rise Time = 1 rns. With Interpeak Duration of 16 ms. as Used i n  Ser ies  I11 Tests. (Type 1) 
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Figure 23 Spec t ra l  Energy Charac te r i s t ics  of Idealized 150 ms. Duration 1/2 N-"Sawtooth" Wave @ 
Rise Time = 1 ms. With Interpeak Duration = 32 ms. as Used i n  S e r i e s  I11 Tests (Ty-pe 1) 
FREQ. IN HZ. 
Figure 24. Spect ra l  Energy  Charac te r i s t ics  of Idea l ized  150 ms. Dura:ion 112 N-"Sawtooth" Wave @ 
Rise Time of 1 ms. With ITterpeak Duration of 64 ms. as Used i n  S e r i e s  I11 Tests. (Type 1) 
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Figure 25 Spect ra l  Enerw Charac te r i s t ics  of Idealized 150 ms. Duration 112 N-"Sawtooth" Wave @ 
Rise Time of 1 ms. With Interpeak Duration = 2 ms. as Used i n  S e r i e s  I11 Tests. (Type 2)  
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Figure 26 Spec t r a l  Energy Charac te r i s t i c s  of Idea l ized  150 ms. Duration 112 N-"Sawthooth" Wave @ 
Rise Time = 1 ms. With b t e rpeak  Dura t ion  = 4 ms. as Used i n  Se r i e s  I11 Tests. (Type 2 )  
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Figure 27 Spect ra l  Energy Charac te r i s t ics  of Idedlized 150 ms. Duration 112 N-"Sawtooth" Wave @ 
Rise Time = 1 XI. With Interpeak Duration = 8 ms. as Used i n  Se r i e s  I11 Tests. (Ty-pe 2) 
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Figure 28 Spectral  Energy Character is t ics  of  Ideal ized 180 ms. Duration 112 N-Wave wi th  Bow Wave 
"Spike" Mvdification as Used i n  Se r i e s  I1 Tests. 
Conclusions : 
On the bas ia  of the e x p e r b e n t s  performed as described, the following 
are offered as conclusions: 
1. The d m t i o n  of t he  test s ignatures  did not  affect  loudness  or  
annoyance judgments. 
2. As t h e  rise time of a test s ignature  increases ,  the loudnesa 
and annoyance decrease. 
3. With the exception of comparisons using waves having 10 ma. r i s e  
times, there is no d i f fe rence  i n  judgaenta made with a loudness 
c r i t e r i o n  and those using annoyance as a basis f o r  comparison. 
4. S F m i l a r  r e l a t i v e  results f o r  judged loudness and  annoyance 
among the various waveforms were obtained with the s t a n d a d  
aignature  set at any one of three l eve l s ,  0.8, 1.6 and 2.4 psf. 
5. The addi t ion  of a "spike" bow wave modification t o  an ideal ized 
112 N-wave results in increased subjective loudness. 
6. A s  the Interpeak spacing of Type 1 wavefom is decreased from 
64 msec t o  2 msec loudness decreases. 
7. No apparent loudness e f f e c t  is noted when the interpeak spacing 
of Type 2 waveforms is varied. 
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APPENDIX 1. 
Ins t ruc t ions  to  the  sub jec t s :  
1) LOUDNESS Judgments : 
This is a t e s t  s e r i e s  designed t o  determine how you hear  cer ta in  
kinds of sonic boom type sounds. You w i l l  hear  pairs  of booms, and 
your task is  t o  answer ve rba l ly ,  a f t e r  t he  second boom of each pair ,  
whether that second boom was louder,  equal to,  or sof te r  than  the  
f i r s t .  Answer as soon as poss ib le  a f te r  hear ing  the  second boom. 
The boom pa i r s  w i l l  be repeated a number of times and you a r e   t o  
continue making loudness judgments unt i l  g iven  the  command "stop". 
Try your best t o  make your judgments only i n  terms of how loud the 
second boom sounds r e l a t i v e  t o  t h e  first.  We w i l l  have a few 
prac t ice  trials be fo re  s t a r t i ng  t e s t ing .  Any questions? 
2 ) ANNOYANCE Judgments : 
"
This is  a tes t  ser ies  designed to  determine how  much cer ta in  kinds 
of sonic boom sounds annoy you. You w i l l  hear  pairs  of booms, and 
your task i s  t o  answer ve rba l ly ,  a f t e r  t he  second boom of each pair, 
whether t h a t  second boom was more, equally, or l e s s  annoying than the 
f i r s t .  Answer as soon as poss ib le  a f te r  hear ing  the  second boom. 
The  boom p a i r s  w i l l  be repeated a number of times and you a r e   t o  
continue making annoyance judgments until given the command "stop". 
Try your best t o  make your judgments only i n  terms of how  much the  
second boom annoys you, r e l a t i v e  t o  t h e  f i r s t .  We w i l l  have a few 
prac t ice  tr ials before  s ta r t ing  tes t ing .  Any questions? 
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